Abstract. There is limited information available with regard to the association between serum leptin levels, or other adipokines, and serum lipid levels and insulin sensitivity in patients undergoing peritoneal dialysis (PD). Thus, the aim of the present study was to perform a meta-analysis investigating this association. Potential relevant studies were identified through searching the following databases: MEDLINE, Science Citation Index, Cochrane Library, PubMed, Embase, CINAHL, Chinese Biomedical, Chinese Journal Full-Text and Weipu Journal. Statistical analyses were calculated using version 12.0 STATA software. In total, 21 case-control studies comprising 1,187 subjects (574 patients and 613 controls) were collected for the meta-analysis. The results identified a statistically significant difference in the serum levels of leptin when comparing the PD patients with the healthy controls [controls vs. cases, standardized mean difference (SMD), 2.09; 95% confidence interval (CI), 1.58-2.59; P<0.001]. Furthermore, ethnicity-subgroup analysis indicated that the PD patients of Asian and Caucasian populations were associated with increased serum levels of leptin (Asian population, SMD, 2.05; 95% CI, 1.48-2.62; P<0.001; Caucasian population, SMD, 2.19; 95% CI, 1.19-3.18; P<0.001). Therefore, serum leptin levels may be used as a prognostic marker for PD.
Introduction
Peritoneal dialysis (PD) is an effective and secure treatment method for patients with short-term (3-5 years) chronic kidney disease (CKD), and has been accepted as a form of renal replacement therapy (RRT) for end-stage renal disease (ESRD) patients (1) . There are two forms of PD, consisting of automated peritoneal dialysis (APD) and continuous ambulatory peritoneal dialysis (CAPD). Certain studies have shown that APD has a lower mortality risk compared with CAPD, with a mortality rate of 40% in patients undergoing APD and a rate of 60% in patients undergoing CAPD (2, 3) . In 2008, an estimated 196,000 patients were undergoing PD worldwide, which represents 11% of the total dialysis population (4) . In the United States, ~368,000 patients underwent dialysis treatment in 2007, with only a 7.2% PD prevalence (5) . However, the number of patients undergoing treatment with PD appears to be increasing worldwide, with 41% of patients treated with PD in developed countries and 59% of patients treated with PD in developing countries (4) . PD, hemodialysis and kidney transplantation are the three major RRT modalities. In Hong Kong, PD is the first choice RRT for all ESRD patients (6, 7) . Due to the low cost, improved quality of life and excellent comparable survival rates, the use of PD has increased widely, and the treatment method has become an essential RRT for patients with ESRD (8) . As an important risk factor contributing to diabetic foot ulceration, CKD, particularly with the enrollment of ESRD, has resulted in ~200,000 patients receiving PD therapy worldwide, which is increasing by >6% per annum (9, 10) . These data indicate that the increasingly wide application of PD is playing a critical role in the treatment of ESRD patients (11) . Furthermore, a previous study demonstrated that ESRD is associated with the endocrine function of adipose tissue, and high levels of leptin and adiponectin have been reported in patients with ESRD (12) .
Leptin is a protein product of the obese gene and one of the adipocytokines primarily secreted by white adipocytes (13) . The protein is formed of 167 amino acids and has a molecular weight of 16 kDa (13) . Leptin, via afferent signaling in the hypothalamus, is known to be involved in regulating the fat stored in the body and maintaining energy homeostasis, with the means of exerting influences on the sensation of hunger, energy intake and energy expenditure (14) . Through increasing the utilization of glucose and the metabolism of oxidative glucose in adipocytes, insulin indirectly promotes leptin production (15) . Serum concentrations of leptin are reported to be increased in obese individuals, due to a reduced ability to detect satiety, and have been associated with the fat content of the body (16) . Serum leptin levels are also known to be higher in patients who are undergoing PD, such as patients with hemolytic uremic syndrome, when compared with individuals with normal renal function. This observation may be caused by the filtering of leptin at the glomerulus without obstruction and the degradation of the protein in the renal tubules, as a result of the impaired clearance by the kidney (17, 18) . In addition, malnutrition is a dominant characteristic of uremic syndrome, and nutritional indicators, including the body mass index (BMI), the distribution of body fat and the plasma concentration of albumin, are known to be associated with the development of renal failure (19, 20) . Inversely, decreased levels of total protein and albumin in renal failure patients may reflect the catabolism of protein, and hypoalbuminemia is strongly associated with malnutrition (21) . Overexpression of serum leptin is hypothesized to be an independent risk factor for PD, due to the close association between peritonitis and the malnutrition resulting from chronic inflammation. PD may in certain cases be attributed to a higher expression of leptin clearance, as the plasma concentrations of leptin in the patients increase correspondingly (20) . Previous studies have agreed with the hypothesis that hyperleptinemia is a leading cause of protein malnutrition, and that PD may be responsible for the higher levels of leptin (22, 23) ; however, alternative studies have reported that high serum concentrations of leptin may not be present in PD patients (20, 24) . As a result, the aim of the present study was to perform a meta-analysis investigating the correlation between high plasma levels of leptin and PD.
Materials and methods

Search strategy.
Potentially relevant studies were identified through a comprehensive literature search without language restriction, which covered the following computerized The following medical subject headings and free language terms were used in conjunction with a highly sensitive search strategy. The search terms were as follows: ʻPDʼ or ʻPeritoneal Dialysisʼ, ʻContinuous Ambulatory PDʼ or ʻCAPDʼ, ʻContinuous Cycling PDʼ or ʻCCPDʼ or ʻperitoneum dialysisʼ, and ʻLeptinʼ, ʻObese Proteinʼ, ʻObese Gene Productʼ, ʻOb Gene Productʼ or ʻOb Proteinʼ. Additionally, reference lists of relevant studies selected from the electronic debates were searched manually to identify additional studies.
Inclusion and exclusion criteria. To be included in the systematic review, retrieved studies were assessed for their suitability in meeting the following criteria: i) Search results were conducted within a human population and published in a peer-reviewed journal; ii) only case-control studies examining the association between serum leptin levels and patients undergoing PD were incorporated into the meta-analysis; iii) all the patients satisfied the guideline criteria for PD (25) ; iv) articles were required to present original data and supply sufficient information with regard to the serum leptin levels; and v) when studies provided overlapping data, the study that had the largest sample number was selected. The major exclusion criteria in this systematic review were as follows: i) Articles that did not satisfy the current inclusion criteria; ii) certain publication types, including letters, abstracts, reviews, meta-analyses and proceedings; iii) unpublished sources of data; iv) duplication publications or studies without extractable, numerical data; and v) subgroup analysis of the included trials. With the application of these inclusion criteria, the title and abstract of all the articles were evaluated on relevance. From the selected articles, the full texts were reviewed, followed by a decision on their eligibility for inclusion.
Study quality and data extraction. In order to ensure consistency in reviewing and reporting the results, two reviewers independently assessed the methodological quality of the included trials using the Newcastle-Ottawa Scale (NOS) criteria with regard to study design, content and ease-of-use in the explanation of results or the meta-analysis for assessing the quality (26) . Three broad perspectives were judged, including subject selection (0-4), subject comparability (0-2) and clinical outcome (0-3). The subject selection criteria included four sub -criteria: i) Adequacy of case definition; ii) representativeness of the cases; iii) selection of control; and iv) definition of controls. Subject comparability comprised a single critera; the comparability of cases and controls on the basis of the design or analysis. Clinical outcome consisted of three sub-criteria; the ascertainment of clinical outcome, a consistent method of ascertainment for cases and controls and non-response rate (http://www.biomedcentral.com/1471-2288/14/45). The NOS scores ranged between 0 and 9; a study was classified as good quality for the evidence with a score of ≥7.
Each of the two reviewers assessed the studies independently based on the aforementioned inclusion/exclusion criteria. A standardized data form in duplicate was used to collect the following descriptive information of the included studies: Surname and initials of the first author, the year of publication or submission, journal, source country, racial descent of the study population, language of publication, study design, number of cases and controls, demographic variables of the subjects, detection method of the serum leptin levels and baseline leptin levels in the cases and the controls. Disagreement on the inclusion of a single study was settled by discussion, or a third investigator was consulted.
Statistical analysis. The effect size was represented by the mean ± standard difference, which was used to calculate the serum leptin levels in patients undergoing PD and healthy controls. A confidential interval of 95% (95%CI) was calculated for all mean values, using the Z-test. In addition, a test for the heterogeneity between the included trials for each comparison was performed using the Cochran's Q test and I 2 tests (27) . If the Q test showed evidence of a P-value of <0.05 or if the I 2 test exhibited a value of >50%, which indicated maximal heterogeneity among the included studies, a meta-regression analysis with a random-effects model was conducted to investigate the sources of heterogeneity, while in other cases, the SMD values were pooled in accordance with the fixed-effects model (28, 29) . When substantial heterogeneity was identified, the differences in the leptin levels (and 95% CI) were evaluated among subgroups for different explanatory variables. Additionally, in order to evaluate the impact of single studies on the overall estimate, a one-way sensitivity analysis was employed. Furthermore, Egger's linear regression test, with visual inspection of the funnel plot, was applied to detect the potential publication bias (30,31).
Statistical analyses were conducted using STATA statistical software (version 12.0; Stata Corporation, College Station, TX, USA).
Results
Description of the included studies.
The combined electronic and manual search initially resulted in 133 potentially eligible articles. Following the identification of two duplicated studies, the retrieved studies (n=131) were screened by their title and abstract for relevance. Subsequently, 63 irrelevant articles were excluded. The remaining 68 articles that qualified for full-text reading were systematically reviewed. After reading the full text, 45 articles were deemed unsuitable and were therefore excluded. Thus, 23 articles were included in the qualitative analysis. However, an additional two studies were excluded due to lack of data integrity following a more careful assessment of the remaining articles. A flow diagram of the study selection progress and the main reasons for exclusion is shown in Fig. 1 Finally, 21 case-control studies, comprising 574 patients that had undergone PD and 613 controls, were incorporated into the current meta-analysis (15,20,22-24,3 2-47) . All the eligible studies had been published between 1997 and 2014 (Fig. 2) , and all the enrolled papers exhibited moderate to high quality.
With regard to the demographic variables of the 21 included studies, 13 studies were performed with an Asian study population, while the remaining eight studies included a Caucasian study population. With regard to the methods used to detect the leptin levels, 11 studies utilized a radioimmunoassay (RIA), while the remaining 10 studies performed an enzyme-linked immunosorbent assay (ELISA). Table I presents the baseline characteristics of the study populations and the characteristics of the included studies.
Quantitative data synthesis. In the meta-analysis, the serum leptin levels in the patients receiving PD and the controls were analyzed using a random effects model due to the evidence of heterogeneity (controls vs. cases, I 2 =91.8%, P<0.001). Additionally, since a significant heterogeneity was shown to exist, the studies were stratified by ethnicity (Asian population subgroup, I 2 =89.9%, P<0.001; Caucasian population subgroup, I 2 =93.9%, P<0.001) and detection methods (ELISA subgroup, I 2 =90.9%, P<0.001; RIA subgroup, I 2 =92.3%, P<0.001). Results from the meta-analysis revealed a statistically significant difference in the serum levels of leptin between the PD patients and the healthy controls. Higher serum concentrations of leptin were observed in the PD patients when compared with the controls, according to the random effects pooled SMD in the 21 included studies (controls vs. cases, SMD, 2.09; 95% CI, 1.58-2.59; P<0.001; Fig. 3) .
With regard to the ethnicity-stratified subgroup analysis, the results from the meta-analysis revealed that the PD patients were associated with increased serum leptin levels in contrast to the healthy controls in the Asian population subgroup (controls vs. cases, SMD, 2.05; 95% CI, 1.48-2.62; P<0.001). Additionally, higher serum leptin levels were observed more frequently in the PD patients in the Caucasian population subgroup (controls vs. cases, SMD, 2.19; 95% CI, 1.19-3.18; P<0.001). Furthermore, in the method-stratified subgroup analysis, the PD patients were found to have higher serum leptin levels in the ELISA subgroup (controls vs. cases, SMD, 1.86; 95% CI, 1.19-2.52; P<0.001), and a similar correlation was also observed in the RIA subgroup (controls vs. cases, SMD, 2.29; 95% CI, 1.53-3.06; P<0.001; Fig. 4) .
Further sensitivity analyses were conducted to determine whether the review conclusions were affected by the selection of a single study, and the findings indicated that no single study had an effect on the pooled SMD values in the current meta-analysis (Fig. 5) . Finally, Egger's regression analysis displays the asymmetrical distribution of the funnel plot, which indicates publication biases in the differences in serum leptin levels between patients undergoing PD and controls (t=4.87; P<0.001) in the systematic reviews (Fig. 6) . Table I . Characteristics of the included studies focused on the serum levels of leptin. M, male; F, female; ELISA, enzyme-linked immunosorbent assay; RIA, radioimmunoassay; NOS, Newcastle-Ottawa Scale.
Sample size (n) Gender, M/F (n) Mean age (years) First author --------------------------------------------------------------------------------------------------------NOS
Discussion
The aim of the present meta-analysis was to investigate the association between high serum levels of leptin and PD. The results of the meta-analysis demonstrated that high leptin levels were closely associated with PD, indicating that PD therapy may not be an effective therapy for the clearance of leptin. As the first adipocyte-derived hormone, leptin is a 16 kDa peptide hormone with 146 amino acids, which is formed by cleaving a signal peptide of 21 amino acids from its prototype in the blood (48) . Leptin plays a role in the central nervous system through hypothalamic pathways, with its main function to cause a decrease in food intake and an increase in the metabolic rate, promoting weight loss and the regulation of the energy balance (39) . In addition to the effect on the central nervous system, leptin is also able to inhibit the secretion of insulin, increase natriuresis, diuresis and angiogenesis, and promote the calcification of vessels and increase oxidative stress (49) . Thus, leptin is associated with a number of diseases, such as coronary artery calcification, vascular dysfunction, hypertension and kidney diseases (50) . The metabolic pathway of leptin is through glomerulus filtration, followed by degradation within the renal tubules; thus, a high serum level of leptin is often observed in kidney disease patients (51) . Elevated serum leptin levels may cause weight loss, malnutrition and anorexia, which can deteriorate the symptoms of kidney disease patients and are detrimental for the long-term survival of patients (36, 52) . PD, as a first-choice RRT, uses the peritoneum as a dialysis membrane, and is a safe and gentle method to correct metabolic and electrolytic disturbances generated in kidney diseases, including the clearance of leptin (53) . However, PD is only partially able to clear leptin, and the clearance volume in PD and the high level of leptin have been found to be positively associated (54) . In PD patients, the filtration rate of the glomerulus is decreased due to renal impairment; thus, the renal clearance of leptin is decreased, which leads to high serum leptin levels (55) . Furthermore, the increased glucose load results in chronic hyperinsulinemia, which subsequently stimulates the insulin level and regulates the gene expression of leptin, ultimately causing high leptin serum levels (15) . From these observations, it was hypothesized that high leptin levels in kidney disease patients may deteriorate the symptoms of the patients by causing malnutrition and anorexia. In addition, PD was hypothesized to be closely associated with the high leptin level, through the insufficient physical clearance, renal impairment and the increase in the indirect glucose load, which subsequently regulated the increased expression of leptin. Malyszko et al also observed increased levels of leptin in PD patients, which represented a connection between inflammation and adipocytokines, and the authors concluded that the dialysis time and adequacy may affect the clearance of leptin in patients undergoing dialysis (35) . Since a number of factors may influence the association between high serum levels of leptin and PD, a stratified analysis based on the ethnicity of the study population and the leptin detection method was established. The ethnicity subgroup analysis revealed a significant association between the leptin serum level increase and PD therapy in Asian and Caucasian populations, which may demonstrate that no racial difference exists between the high leptin level and PD. Therefore, the results of the present study are in accordance with previous studies that demonstrated a close connection between PD therapy and an increase in serum leptin levels (19, 22, 43) . These observations indicate that PD therapy may contribute potential damage to renal function and subsequently have an influence on the clearance of leptin; thus, additional measures should be undertaken to reduce the leptin level in PD patients and improve the treatment of kidney disease.
However, there were a number of limitations in the current meta-analysis that should be taken into consideration. Firstly, the existence of heterogeneity, since the groups were not homogenous with respect to age, BMI, smoking status, ethnicity and serum level detection methods, and the insulin sensitivity of the patients was not further investigated. Notably, certain publication convention may be acknowledged that positive results tend to be more acceptable by journals, while negative researches are often easy to be rejected or not submitted for review. Thus, the lack of negative results may restrict a broader experiment and constrict the findings of the present study to a large extent. Furthermore, language introduces bias and those publications prone to be published in English language-based journals. Thirdly, although this study was based on relatively large sample size studies, a relatively small sample size may limit the detection of more subtle changes over time. In addition, regardless of the underlying degree of glucose tolerance, fasting or diet, significant circadian fluctuations in the serum leptin concentration may obscure a number of small, but significant changes, in the serum leptin level, which may be a source of potential bias for longitudinal observation. Therefore, all these factors may result in an inconsistent outcome.
In conclusion, the present study reported increased serum leptin concentrations in patients undergoing PD therapy, indicating that PD therapy may contribute potential damage to renal function and affect the clearance of leptin. These results highlight the importance of leptin as a potential determinant of weight loss, malnutrition and anorexia, particularly in patients undergoing PD therapy. However, further studies with Figure 6 . Funnel plot showing the publication biases with regard to the differences in the serum leptin levels between patients undergoing peritoneal dialysis and healthy controls. SMD, standardized mean difference; SE, standard error. Figure 5 . Sensitivity analysis of the standardized mean difference coefficients of the differences in the serum leptin levels between patients undergoing peritoneal dialysis and healthy controls. CI, confidence interval.
larger sample sizes are required to confirm the clinical utility of serum leptin as an important biomarker for PD patients.
